In spite of the accepted and extensive use of the guinea pig for evaluating diphtheria toxins, there have been certain limitations in the use of this animal in control testing and standardization. Healthy purebred strains of guinea pigs in adequate numbers are often difficult and costly to obtain. Further, with the use of animals of heterogeneous stock, such as those generally available, differences in susceptibility of the guinea pigs are often encountered.
In recent years, Frobisher (1940) and Frobisher et al. (1942) used the chick for testing toxicity of diphtheria cultures. Following this work, Diesendruck (1946) made a careful quantitative study of diphtheria toxin in chicks and suggested the use of the chick as a test animal. Branham and Wormald (1954) reported the satisfactory use of the 7-to 8-day-old chick for titration of diphtheria antitoxin. They found the guinea pig MLD of diphtheria toxin and the chick LDm (median lethal dose) to be nearly the same. In view of these facts it was decided: to investigate factors involved in the variability of guinea pigs; to make parallel studies in chicks to ascertain their suitability for use in the evaluation of Diphtheria Toxin for the Schick test; and to compare results obtained in chicks with the older, widely used guinea pig test.
MATERIALS AND METHODS
The toxin used most extensively in this study was a matured toxin designated as 2562.1 This toxin was diluted for use in a phosphate buffered physiological saline solution of pH 7.0 containing 0.2 per cent gelatin. Repeated tests in guinea pigs showed 1 MLD (0.0055 ml toxin) to be contained in 5 ml of a 1:900 dilution. The definition of the MLD dose here used was based as nearly as possible on that given in the NIH Minimum Requirements for Diphtheria Toxin for the Schick Test (National Institutes of Health 1948): "the MLD value of a diphtheria toxin is the smallest volume of toxin which when injected subcutaneously will cause death of all animals injected, with at least 75 per cent of deaths taking place between 72 and 96 hours." All test doses were injected subcutaneously into guinea pigs and intraperitoneally into chicks in 5-ml amounts. The syringes with needles for injection were carefully calibrated to insure delivery of a uniform volume.
The test animals were 8-day-old chicks, chiefly White Rock, weighing 45 to 80 g, which were found to Hartley  Male  57  1  32  10  9  2  1  1  1  0  65  Female  48  2  15  13  5  8  5  0  0  0  82  Beltsville  Male   44  12  18  6  3  4  0  1  0  0   58  Female  39  6  9  14  6  1  0  1  1  1  85  Hybrid  Male  35  3  11  11  4  5  1  0  0  0  77  Female   31  3  9  11   5  3  0  0  0  0 The spread of death time ranged from 48 to 240 hr. On the basis of the median death time and other data shown the following facts were apparent: 1) Hartley and Beltsville male guinea pigs were more sensitive to 1 .MLD toxin 2562 than their female counterparts; 2) Beltsville male guinea pigs were more sensitive to the toxin than male guinea pigs of either the Hartley or Hybrid strains; 3) there was no significant variation in response to toxin between Hybrid males and females; and 4) finally, there was no difference in time of death among the females of any of the strains used.
In as much as Schick toxins manufactured in this country are evaluated on the basis of lethal responses in uniform size guinea pigs, for example, 250 g animals, the relationship of guinea pig weight to rapidity of lethal response to 1 MLD of Schick toxin was next considered. A reevaluation of the test data, summarized in table 1, showed that the guinea pigs ranged from 220 to 320 g with 70 per cent of them weighing 260 to 280 g. On the basis of the data obtained no significant pattern of response was found related to any specific animal weight group within a 10 to 20 g differential.
To determine whether the normal sensitivity of the Beltsville strain of guinea pig indicated above might be peculiar only to toxin 2562, a strain and sex comparison was made with other toxins. Six commercial Schick toxins were injected into groups of eight guinea pigs of the Hartley and Beltsville strains. A summary of the results is shown in table 2. With each toxin, death occurred more rapidly in the Beltsville male guinea pigs than it did in the Hartley females as evidenced by a comparison of the average and median death times. These results are in agreement with the previous data concerning the sensitivity shown by the male guinea pigs of the Beltsville strain to toxin 2562. Chicks. In undertaking studies to determine the practicability of using the chick for assaying Schick toxins by means of the direct lethal test method, it was necessary to establish criteria for measuring the response of the chick to these toxins. In earlier studies with diphtheria antitoxins Branham and Wormald (1954) adopted a median death time of 24 hours in the chick as the endpoint for the diphtheria toxin used.
Experiments were performed with chicks in which one huindred and eight chicks were given Schick toxin 2562 and one hundred and three were given a commercial Schick toxin G. In a distribution curve, figure 1, the death times in hours are plotted individually against the number of chicks dying at that time. With both toxins the peak of deaths occurred at 22 hr after injection. Most of the deaths occurred between 16 and 30 hr2.
In supplementary tests, 10 other commercial Schick toxins and the toxin 2562 were given intraperitoneally to groups of nine chicks each. The median time of death (Tm) and average death time were calculated for each group. The regularity in the results of these tests suggested that the sensitivity of chicks to variations in amounts of toxin should be checked. Groups of chicks were given toxin 2562 in three dilutions; 1:900 containing 1 MLD in the 5-ml dose, and 1:1000 and 1:1100 containing less than 1 MLD in that volume. Equal numbers of animals were given each dilution on every injection day so that the results would be comparable. figure 2 only 100 chicks are represented with dilution 1:900 and the Tm was 21 hours.
paper, experience of Diesendruck (1946) and that of Branham and Wormald (1954) indicates that most of the heavier breeds such as New Hampshire Reds, Rhode Island Reds, and Plymouth Rocks are suitable. Diesendruck chiefly used Barred Rocks, and reported that very light breeds such as Leghorns were not satisfactory. The recommended guinea pig dose for Schick toxin of 1 AILD in 5-ml volume of diluent has been readily absorbed by the 7-to 8-day-old chick when given intraperitoneally. Symptoms usually began to appear about 12 to 16 hr after injection. Paralysis developed rapidly and the peak of deaths was usually between 22 to 26 hr. Most of the chicks were dead by the 48th hr. Because of the occasional late death or rare survival, the median time of death has been found to be a more reliable endpoint than the average death time. This median death time designated by Branham and Wormald as Tm represents an endpoint similar to that obtained by the calculated LD50. This Tm with Schick toxin (1 MLD in 5 ml) has been found to be approximately 24 hr, whether the group of chicks tested be 9, 90, or 900 (as shown in figures 1, 2 and tables 3, 4, 5). It may be stated, therefore, that 1 MLD in 5 ml intraperitoneally should cause the death of one half of a group of 7-to 8-day-old chicks (45-80 g) in approximately 24 hr.
The foregoing data have indicated that guinea pig variation has been a disadvantage in the use of this animal for the evaluation of Schick toxins. However, it has been shown that this variation can be controlled by attention to such factors as strain and sex homogeneity of the animals.
In the specific application of either the guinea pig or chick to the assay of Schick toxins, by the direct lethal method, certain differences in response of these animals are evident. While differences in the route of injection may influence the rapidity of lethal response between these animals, other factors must be taken into consideration in comparing their efficacy and response. The fact that the guinea pig has been widely and successfully used over the years emphasizes its value as a test animal. Further, it has been shown (table 5) that the 220-to 320-g guinea pig exhibited more sensitivity weight for weight to a given Schick toxin dose than did the 45-to 80-g chick since the MLD was approximately the same for both animals. In addition, a four-day lag period in death time, usually produced by a subcutaneous injection into the guinea pig, may be considered an advantage with regard to the ability to follow symptomatically as well as pathologically at autopsy the various stages of diphtherial poisoning that occur. Further, this fact enables one to establish that death was not due to intercurrent infections that are often undetectable through gross observations in these animals.
In addition to the uniformity of response to Schick toxin there are several other advantages to be gained in the use of the chick. In contrast to the guinea pig, chicks are quite inexpensive and are readily available. There seems to be less of a strain difference among the heavier breeds of chicks than was evidenced in the guinea pigs, as well as a smaller variation in susceptibility among individual chicks in the given weight range. Whereas approximately four days are required for completion of the guinea pig test, the experiment with chicks is usually finished in 48 hr. The syndrome, evidenced in the chick chiefly by a rapidly developing paralysis, precludes the following of the course of intoxication, symptom by symptom, as is produced in the guinea pig. The objective findings such as edema, necrosis, and hemorrhagic adrenals have not been noted at autopsy in the chick.
From the results obtained in this study, it appears that chicks as well as guinea pigs are valuable for assaying Schick toxins.
SUMMARY
A study of lethal responses to Schick toxin in White Rock chicks and three strains of guinea pigs bred by the National Institutes of Health has been described.
Differences in strain and sex response of guinea pigs used in assaying Schick toxin have been shown to account for some of the variations in death time frequently encountered.
Chicks were found reliable in response and sensitive to less than 10 per cent variation in toxin dose.
A study of the response of guinea pigs and chicks to the same amounts of the selfsame toxin preparations show that the results obtained with these two animals are comparable.
In the guinea pig test, the important factor to be recognized is homogeneity of strain and sex of the animals used.
Chicks are suggested as a satisfactory and practica- al., 1931 , Bernhauer et al., 1935 , and Cavallito, 1944 ether or petroleum ether on a reciprocating shaker for 1 hr. Repeated extraction proved valueless. The mixtures were allowed to separate overnight in the cold. The ether layers were collected and dried with anhydrous Na2SO4. The organic solvents were dispelled from the dried fractions in vacuo with gentle warming. After cooling to room temperature, each residue was taken up in 25 ml of chloroform. Aliquots of each dissolved residue were subjected to the Liebermann-Burchard color reaction as described by Todd and Sanford (1948) . In as much as the color developed in this reaction was found to obey Beer's law with ergosterol in concentration of' 10 to 100 ,ug per ml, a standard curve of reference was obtained. The colorimetric readings from the aliquots were compared to the standard curve to determine sterol content. In establishing the standard curve, freshly prepared ergosterol and newly opened reagents should be used since both are somewhat unstable when stored.
The classical sterol-digitonide reaction as described by Gardner et al. (1938) was applied to the ether extract of samples hydrolyzed with 5 per cent NaOH. This laborious technic was used only for comparison. Extracts were also analyzed chromatographically using the hexane-ether solvent of Shull et al. (1952) to assay for steroids other than sterols.
RESULTS
Hydrolysis with 5 per cent NaOH was most effective for disruption of cells and ether extracted the sterols from the hydrolysate more efficiently than petroleum ether (table 1). The figures were obtained by comparison with the standard curve of reference (figure 1).
